The current work is given over to the particular purpose of revealing the principle and clinical outcomes of the novel method of Biplane double-supported screw fixation (BDSF), introduced in our Department of Geriatric Orthopedics in 2007. BDSF is a new method of internal fixation, designed to improve the internal fixation strength at intracapsular femoral neck fractures in the presence of osteoporosis, according to an original concept of the establishment of two supporting points for the implants and their biplane positioning in the femoral neck and head. The provision of two steady supporting points for the implants and the highly increased (obtuse) angle at which they are positioned, allow the body weight to be transferred successfully from the head fragment onto the diaphysis thanks to the strength of the screws, with the patient's bone quality being of least importance. The position of the screws allows them to slide under stress with a minimal risk of displacement.
INTRODUCTION
At present, in active elderly patients with displaced femoral neck fractures, the total hip replacement (THR) is a golden standard. However, there are also patients with high operative risk for a large surgical intervention, defined by the presence of comorbidities and the arthroplasty procedure with these patients is contraindicated.
The angular, spiral shape of the proximal femur exposes the femoral neck to powerful shearing, and especially bending and torsion forces. Under the conditions of severe osteoporosis, the femoral neck consists of cortical walls, enveloping soft cancellous bone, having unimportant mechanical significance, and the neck can often be looked biomechanically as a hollow cylinder. If the condition of patient is not appropriate for total hip replacement (mental diseases or cardiopulmonary risks), and a decision is made for a screw fixation, the implanted screws must be solidly fixed in the distal fragment on at least two supporting points in order to provide resistance to the shearing forces in case of osteoporosis. The traditional screw fixation methods, however, do not meet the above-named requirement. Present-day popular traditional methods of femoral neck fixation, which are performed by three cancellous screws, placed parallel to each other and parallel to the femoral neck axis, are associated with poor outcomes in 20 to 48% (Asnis 1994 The new method of Biplane double-supported screw fixation (BDSF) increases the fixation strength by its innovative concept of biplane positioning of the three screws, which makes it possible for the screws to be placed at an increased angle, so they to lean on two solid supporting points [7] (Fig.2) . The BDSF-method has two calcar-buttressed implants. The distal screw (red color) touches on the calcar in the lateral part of the femoral neck (Fig.2a) , and also in the middle part of the femoral neck this screw has a cortical support on the posterior cortex of the neck (Fig. 2b) . The middle screw (white color) touches on the calcar in the middle part of the neck (Fig. 2a) .
At the method of BDSF, the innovative position of the three screws, laid in two planes (in lateral view), makes it possible for the entry points of two of the implants to be placed much more distally, in the solid cortex of the proximal diaphysis, and also to lean onto the femoral neck distal cortex.
Thus we establish two supporting points. The solid cortex of the calcar acts as a medial supporting point for the screws -supporting point A. This supporting point works under pressure.
The entry points of the distal and the middle screws in the solid cortex of the proximal diaphysis, acts as a lateral supporting point for the two screws -supporting point B. This supporting point works under pressure in proximal direction.
The position of the distal screw as well as the middle screw thus achieved by the method, in terms of statics, turns them into a simple beam with an overhanging end, loaded with a vertical force. This beam with an overhanging end, bridging the fracture, successfully supports the head fragment, bearing the body weight and transferring it to the diaphysis, resisting to the shearing forces (in a standing position). (7):539-543). [7] In the sagital plane (in lateral view) the distal screw is touched on the posterior cortex of the femoral neck, thus ensuring a posterior supporting point, which works under pressure in posterior direction, in the process of anteroposterior bending of the neck (when rising from a chair).
Other advantages of the method are: (1) Due to the biplane placement, enough space for a third screw is provided, unlike the classical authors' methods, where just one or a maximum of two implants are placed at an obtuse angle (Brittain 1942 (2) due to the increase in the distance between the two supporting points, the weight borne by the bone is reduced. (3) The entry points of the screws are positioned wide apart from each other, which ensures that when weight bearing, the tensile forces spread over a greater surface of the lateral cortex and thus the risk of a subtrochanter fracturing decreases significantly. (4) The screw, placed at a highly increased angle, works in a direction close to the direction of the loading force, which guarantees better results for the screw in its role of a beam because of the influence of its sagging decreases. (5) Very important advantage for BDSF is that the distal screw is touched on the posterior cortex, which together with the highly increased angle of this screw, provides improved strength of fixation at antero-posterior bending of the neck, a thesis confirmed experimentally (Walker 2007[13] ).
The method of Biplane Double-supported Screw fixation (BDSF)
Indications:
Fractures of the Garden types from I to IV. The indications and contraindications for application of the BDSF-method are generally the same as of the conventional methods for fixation of the femoral neck fractures. The BDSF-method significantly expands the indications for application of screw fixation in terms of the bone, changed by osteoporosis. The method is most useful and has no reasonable alternative in adult patients above 80 years with a high cardiopulmonary risk, as in patients with severe concomitant diseases, inclusively some mental diseases, patients with senile dementia, and others, for which the primary joint replacement may be contraindicated.
Implants: 7.3 mm self-tapping cannulated screws Reduction: Mild traction, slight abduction and internal rotation of the limb are applied. Only anatomical reduction is acceptable.
Biplane Double-supported Screw fixation (BDSF) -operative technique [7] Approach. A straight lateral incision, starting at the level of the lower border of the greater trochanter, with distal length of 6 to 10 cm. A stripping of the periosteum of the lateral diaphysis at 6-7 cm is performed.
Via the concept of biplane positioning, developed by the BDSF, the three screws are placed in two vertical diverging planes (in lateral view). The distal screw is laid in the dorsal oblique plane, the middle and proximal screws are placed in the ventral oblique plane (Fig.2b) .
Firstly, we lay the guiding wire for the distal cannulated screw. Its entry point is at 5-7 cm distally from the lower border of the greater trochanter, in the lateral surface of the diaphysis. The wire is directed proximally at an angle of 150 -165° towards the diaphyseal axis, with inclination to posteriorly-proximally, so that after it touches onto the curve of the distal femoral neck cortex (the "calcar") tangentially, the wire goes into the dorsal third of femoral head. Thus the wire also comes naturally in contact with the posterior neck cortex.
The middle guiding wire is placed second. The entry point, depending on the CCD-angle, is at 2 to 4 cm proximally from the distal wire. This wire is placed at an angle of 135-140° towards the diaphyseal axis and is inclined to anteriorly-proximally, so that after it touches onto the calcar tangentially, the wire goes into the frontal one-third of the femoral head (in lateral view) and into the distal one-third of the femoral head (in A-P view).
Then we place the proximal guiding wire, with its entry point at 1.5-2 cm proximally from the middle wire and parallel to it. The latter wire goes into the front one-third of the femoral head (in lateral view) and into the proximal onethird of the femoral head, in A-P view. Measuring of the lengths and drilling with a 5.0 mm cannulated reamer follow.
The middle and proximal screws are placed first because they are perpendicular to the fracture surface. Before placing the middle and distal screws, we overdrill their holes in the lateral cortex by using a 7.0 mm cannulated reamer, where a bone tap is difficult to be used. Next we release the foot traction, and by hammering on a plastic impactor on the diaphyseal cortex, a several-time impaction of the fracture with an additional tightening up of the screws follows. Finally, the distal screw is placed. The wire tip is guided into the desired direction by the operator's free hand with the help of a cannulated instrument.
When we place a guiding wire through the thick cortex of the diaphysis, it can go in a wrong direction, into the medial diaphyseal cortex distally from the femoral neck (in A-P view) or into the cortex of the neck (in lateral view). Than we have to take out the wire completely and after a change in its direction, by the high-speed rotating trocar tip, we have to change the direction of the canal in the cortex or we have to bore a new hole next to it, which is true for all other methods of internal fixation of the femoral neck. Sometimes in a dense bone, a release from the thick lateral cortex is required and if the entry point of the wire is correctly chosen, we ream around the guide wire placed in a poor position by the 5.0 mm cannulated reamer. Thus in the created opening the wire is freed from its contact with the lateral cortex and is easily directed in the necessary direction. In the reamed hole "with a correctly chosen point of entry the nail (the wire) is self-locating" (Garden 1961). The guide wire should be thick not less than 2.0-mm. When using a standard instrument set for 7.3-mm screws of "Synthes", such a problem of a difficult location is practically absent, because its guiding wires are 2.8-mm thick and are not changing their direction even in the thick diaphyseal cortex.
The placing of screws at a very oblique angle requires following of the principle of their two-plane positioning and none of the screws must be placed in the central zone of the neck in lateral view. The distal screw plays a role of a beam with overhanging end and can not be tightened so hard. Because it is placed at a very oblique angle, if it is tightened excessively, it can, in some rare cases, cause longitudinal fissura. Such a fissura does not weaken the fixation, because the tubular form of the diaphysis acts as a type of spring against that fissura. In this case the distal screw must be unscrewed at one turnover.
Aftertreatment. Young patients: limited weight bearing for 2-4 months, by using two crutches. Demented patients: immediate full weight bearing. Prevention of selfharming or removing the sterile dressing. (7):539-543). [7] .
CLINICAL RESULTS
From a series of 178 operated patients, 88 were studied [7] . Out of the 88 studied patients, 27(30.68%) are male and 61(69.31%) female; the average age is 76.9 (with the youngest patient aged 38 and the oldest aged 99). Grouping patients by age: 18 patients (20.45%) are under 69; 27 patients (30.68%) are aged 70-79; 37 patients (42.04%) are aged 80-89; 5 patients (5.68%) are aged 90-95 ; 1 patient (1.13%) is aged 95-100. More than one accompanying diseases, which influence the results of Harris hip score, were found in 21 patients (23.86%). The average follow-up period is 8.06 months.
The fractures have been classified by the Garden classification as follows:
Garden type I: 3(3.41%); Garden type I²: 1(1.14%); Garden type I²²: 9(10.23%); Garden type IV: 75(85.02%).
Results. From the studied 88 patients fracture union was registered in 87 patients (98.86%) and failure in 1 patient (1.13%).
Assessment according to the Harris hip score (modified): poor results -in 10 patients (11.36%). Fair results -in 20 patients (22.72%). Good results -in 21 patients (23.86%). Excellent results -in 37 patients (42.04%).
The average Harris hip score-modified is 84.26 points [14] . 
CONCLUSIONS
With the BDSF-method through the concept of biplane positioning of the three screws, the provision of two steady supporting points for the implants and the obtuse angle at which they are positioned, allow the body weight to be transferred successfully from the head fragment onto the diaphysis thanks to the strength of the screws, with the patient's bone quality being of least importance. The position of the screws allows them to slide under stress at a minimal risk of displacement. The achieved results with the BDSF method in terms of fracture consolidation are far more successful than the results with conventional fixation methods. The BDSF-method ensures reliable fixation, early rehabilitation and excellent long-term outcomes, even in non-cooperative patients. BDSF is mainly addressed to patients, who have contraindications for arthroplasty, as well as for a conventional screw fixation.
